We show that the topologically massive BC theories, where B and C are p− and (D − p − 1)-form fields, respectively, can be written as a pure BC term through fields redefinitions. The fields are rewritten as power expansion series in the inverse of the mass parameter m. We also give a cohomological justification for this field redefinition through the BRST framework and elucidate some useful properties of redefined terms.
Introduction
Antisymmetric tensor fields arise in string theory [1] and supergravity [2] and play an important role in dualization [3, 4, 5] . They can be viewed as the components of a p-form B field given by B = 1 p! B µ 1 ...µp dx µ 1 ...dx µp .
(1.1)
The theory involving a p-form field B and a (D − p − 1)-form field C was first introduced by Horowitz [6] and Blau and Thompson [7] . Horowitz's theory does not involve any local dynamics. He was in fact interested in generalizing Witten's idea [8] -who proved the equivalence between the three dimensional Einstein action and the non-abelian Chern-Simons term -to an arbitrary dimension. Horowitz treated a class of models that are invariant under diffeomorphism, and that naturally bring "three dimensional gravity included as a special case". In [9] , he used the model to provide a definition of generalized linking number of p-dimensional and (D − p − 1)-dimensional surfaces in a D-dimensional manifold. Later, making use of variational method, Oda and Yahikozawa [10] obtained the same result and generalized it to the nonabelian case. The introduction of dynamical terms for a p-form field B and a (D − p − 1)-form field C leads to topologically massive theories for abelian [11] and non-abelian [12] gauge theories. These theories are a generalization of the topological mass generation mechanism in three dimensions proposed by Deser, Jackiw and Templeton with the Chern-Simons term [13] . Also this generalizes the abelian topological mass mechanism in D = 4, constructed with a 2-form and a vector field with the BF term [14] . We emphasize here that the non-abelian construction proposed by [12] does not describe a topologically massive BF model in D dimensions. In fact, that work uses pand (D −p −1)-form fields and does not contain the Yang-Mills term, since it considers a flat connection. The non-abelian topological massive Yang-Mills theory with no flat connection was constructed in [15] and [16] , in four and D dimensions, respectively.
Recently, one of us [17] has shown that the topologically massive BF model in D dimensions can be written as a pure BF term through fields redefinitions, namely
3)
The terms B i and A i are (D − 2)-and 1-form respectively, constructed only with the field strengths H and F , the Hodge operator and the exterior derivative. This kind of property has also been obtained for the topologically massive Yang-Mills model in three dimension [18, 19] . As shown by the authors, the model can be written as a pure Chern-Simons term via fields redefinition with no extras fields added to the original action. This result was used for bosonization [20] and to study the large mass behavior effect to the linking number in three dimensions [21] .
In this paper we deal with a D-dimensional dynamical model involving a p-form field B and a (D − p − 1)-form field C and establish a cohomological argument to implement an equivalence between the topologically massive BC model and a field redefined topological BC action for both the abelian and the non-abelian cases.
This paper is organized as follows. In section 2 we obtain explicitly the fields redefinitions for an abelian BC model and also a cohomological justification for this redefiniton through the BRST techniques. In section 3 we show that the same mechanism works for the nonabelian topologically massive BC model. Section 4 is devoted to provide some properties of the terms that appear in the fields redefinitions.
The Abelian Model
We follow closely the notation and conventions adopted in [17] . We use the form representation for fields with the usual Hodge * operator. The adjoint operator acting in a p−form is defined as d
is the exterior derivative and D is the dimension of a flat manifold without boundary with metric g µν = diag(− + + · · · + ++).
We start with the following classical abelian action [12] 
where r = Dp + p + D, s = Dp + p + 1, B is a p-form field, C is a (D − p − 1)-form field both with canonical dimension (D − 2)/2 and H B , H C are their respective field strengths
2)
all them real-valued and m is a mass parameter. The factor (−1) in front of the kinetic terms is required in order to have a positive kinetic energy in the Hamiltonian. Note that for D = 4 and p = 1 we recover the topologically massive BF model [14] . The action is clearly invariant under the gauge transformations
where Ω and Θ are (p − 1)-form and (D − p − 2)-form gauge parameters. These gauge transformations are reducible, i.e.,Ω ′ and Θ ′ given by
are also honest gauge parameters satisfying (2.4) and (2.5) respectively, since d 2 = 0. Naturally, the same holds to ω, θ, etc. So, in order to construct the action to be quantized, one has to introduce ghosts and ghosts for ghosts and so on. For while, these complications are not relevant for our modest classical purposes. In order to provide a cohomological justification to proceed the fields redefinitions, we take only the part of the complete action that contains the fields B and C and their respective antifields B and C
s denoting the BRST operator. Following the standard procedure [23] we find the BRST transformations for the anti-fields 12) and then
These expressions can be easily manipulated to obtain a formal power series in 1/m for H C and H B . In consequence, we can write H B and H C as a BRST trivial, namely
15)
This property enables us to express the kinetic terms of (2.1) as a pure BRST variation. It is well known, from the BRST algebraic framework, that terms in the action which are BRST trivial correspond to fields redefinitions. Let us underline that the triviality of H B and H C is due to the presence of the BC term in the action (2.1). As we can see from (2.11) and (2.12), the absence of the BC term spoils the possibility of writing H B or H C as a recursive formula. Now, we can settle the equivalence between the two actions
provided thatB andĈ are the redefined fieldŝ
19)
After some algebra, we arrive at
and
One can easily note that B 1 and C 1 are both divergenceless
and depend on B and C linearly. This property is shared by all coefficients A i and B i . Details about this property is given in section 4.
Non-abelian Case
We can extend straightforwardly our model to the non-abelian case, in the same spirit that [12] . The action is
where H B = DB, H C = DC and D stands for the covariant derivative
and A is a one-form flat connection, which means that D 2 = 0. The gauge transformations that leave S invariant are
and we do not need to introduce auxiliary fields in order to guarantee gauge invariance like in [15, 16] . The theory is reducible just as in abelian case. It is then quite reasonable to claim that the cohomological arguments set up before are still valid. We arrive at the same expressions, namely
5)
4 Some properties of the redefined terms
In order to provide a better understanding of fields redefinitions, we will obtain some useful properties of the series expansion terms. Let us write the redefined fields asB = B +b andĈ = C +ĉ. Then ifb = db + b 0 and c = dc + c 0 , where b 0 and c 0 are closed forms, we have
and consequently it is impossible to absorb the kinetic terms of (2.1) through fields redefinitions. From Hodge decomposition theorem a p-form ω p can be uniquely decomposed as
, and collecting the terms of same power in 1/m, we have
Another interesting property is obtained from observation that
is invariant under the gauge transformations 6) whereΩ andΘ are arbitrary p − 1 and D − p − 2 forms that does not depend on the expansion parameter 1/m. FromB = B +b andĈ = C +ĉ, we have
Since that the only explicit dependence on the parameter 1/m in the equations (4.7) and (4.8) is due tob andĉ , we obtain
The linear dependence of B i and C i in B and C for i > 1 follows from linear dependence of B 1 and C 1 in B and C. This can be seen by induction. For k = 1 in (2.23), the only term in the sum is a product of B 1 and C 1 , then it is bilinear in the fields. Consequently C ∧ dB 2 and C 2 ∧ dB must be bilinear in the fields and it follows that B 2 and C 2 are linear in the fields B and C. Assuming that this linearity holds for a given n, the sum in the (2.23) is bilinear in the fields. Then C ∧ dB n+1 and C n+1 ∧ dB must be bilinear in B and C. This follows that B n+1 and C n+1 are linear in the fields. Let us represent the canonical dimension of a quantity X by C(X). Since that C(C) = C(B) = (D − 2)/2 and C(m) = 1, we have that 
where ω n is a n-form and α i some constant. In order to determine ω n , let us analyze the action of * d on a n-form. The action of d in a n-form gives 
Conclusion
In this paper we perform fields redefinitions for topologically massive BC theory for both abelian and non-abelian models. We also give a detailed explanation about the terms of the redefinition, showing explicitly its dependence on the exterior derivative and the Hodge operator. We apply these results in dual theories and in the massive effect to the linking number of p-dimensional and (D − p − 1)-dimensional surfaces in a D-dimensional manifold [24] .
